in others. The most extreme condition is a true fusion of the two bulbs into a single midline bulb. In some very small birds where the bulbs are close together, it is difficult to say whether or not they have fused without sectioning and microscopic examination. Krabbe (1952) points out that where the two bulbs have fused, this takes place late in embryological development, so that variation in the final adult stage is to be expected. In figuring the diameter of the fused bulb to compare with the diameter of the hemisphere, it was thought more significant to take hall the diameter of the single bulb to use in computing the ratio, as this emphasizes the smallness of the olfactory bulb in these species.
Our method of estimating the comparative size of the bulb in different species is to measure with a millimeter ruler under a dissecting microscope when necessary the greatest diameter (no matter in what axis) of one olfactory bulb and the greatest diameter (no matter in what axis) of the corresponding cerebral hemisphere. The ratio of the former to the latter is expressed in per cent. For example, in the pigeon the bulb diameter averages 2 mm and the hemisphere diameter 11 mm. Th'e fraction 2/11 equals 18/100 so the diameter of the bulb is 18% of that of the hemisphere.
The difficulty of measuring accurately the "longest diameter" of organs that are not spherical is obvious. Ch'oosing the point where olfactory bulb merges into stalk and nerve is arbitrary in gross specimens. Some groups of birds (e.g., the Rallidae) have long, oval bulbs and their cerebral hemispheres are not elongated, so the diameter ratio gives an impression that the bulb is larger than it actually is. With these sources of error in mind, we grant that our ratio is a rough approximation, useful only in a general survey. Weighing the parts of the brain would certainly be better, but dissecting the parts out from formalin-fixed specimens is not an accurate procedure and spoils th'e whole brain for microscopic study. • The ratio of the bulb to the hemisphere is expressed as a per cent. The number of specimens measured is noted in the last column; when more than one specimen of a species was measured, the averaged measurements are given. Orders and species within orders are arranged from the larger to the smaller ratios, except for the Hoatzin. Species with fused bulbs are marked with an asterisk.
BANG ASO COBB, Olfactory Bulb in Birds
[ Auk This list allows us to generalize somewhat more safely than Bumm who, in 1883, said that the olfactory bulbs are largest in swimming birds, medium-sized in marsh birds, and small in all others. Our survey suggests that in kiwis, in the tube-nosed marine birds, and in at least one vulture, olfaction is of primary importance, and that most water birds, marsh dwellers, and waders, and possibly echo-locating species, have a useful olfactory sense. In other species it may be relatively unimportant.
Some bulb measurements differ so greatly among members within the same order that they need special study, for example, the Turkey Vulture and especially the Hoatzin, a controversial bird now placed among the Galliformes, but whose olfactory bulbs are so much larger that we put it in a separate box in the table and did not average it with the other Galliformes. The position of some orders is surprising: the swifts and nightjars are high and the cormorants are low.
The long overdue job of putting olfaction in context in avian ethology is now under way; these crude olfactory ratios may serve as a guide to its relative importance in the listed species. Stager (1964) 
